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INFORMATION PROCESSING DEVICE AND
INFORMATION PROCESSING METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. National Phase of International
Patent Application No. PCT/JP2016/079119 filed on Sep.
30, 2016, which claims priority benefit of U.S. Provisional
Application No. 62/269,316 filed in the US Patent Office on
Dec. 18, 2015. Each of the above-referenced applications 1s
hereby incorporated herein by reference 1n 1ts entirety.

TECHNICAL FIELD

The present disclosure relates to an information process-
ing device, an information processing method, and a pro-
gram.

BACKGROUND ART

In recent years, technologies of determining a motion of
a person or an object, or travelling means of the person using
various types of sensing data are being developed. In addi-
tion, 1n relation to these technologies, research and devel-
opment 1s also being conducted for a method for reducing
the amount of power consumption of an information pro-
cessing device that makes determination or a sensor used for
the determination, for example. Patent Literature 1 discloses
a method of reducing the amount of power consumption by
controlling the number of times of detection of a sensor on
the basis of information concerming detection accuracy of
the sensor.

CITATION LIST
Patent Literature

Patent Literature 1: JP 2013-42360A

DISCLOSURE OF INVENTION

Technical Problem

However, in the method of Patent Literature 1, 1t 1s not
possible to sufliciently reduce the amount of power con-
sumption of the information processing device or sensor. For
example, the number of times of detection of the sensor can
be controlled on the basis of information concerning detec-
tion accuracy of the sensor, while the sensor used itself 1s not
changed. That 1s, even 1n a situation where a sensor may not
be used eflectively, the sensor 1s used continuously, and
power 1s consumed.

Therefore, the present disclosure was made 1n view of the
foregoing, and the present disclosure provides an informa-
tion processing device, an mformation processing method,
and a program being novel and improved that can reduce the
amount of power consumption of an information processing
device or a sensor more.

Solution to Problem

According to the present disclosure, there 1s provided an
information processing device including: an acquisition unit
configured to acquire sensing data; and a mode changing
unit configured to change a mode on a basis of the sensing,

10

15

20

25

30

35

40

45

50

55

60

65

2

data. The acquisition unit changes sensing data to be
acquired on a basis of a change of the mode.

In addition, according to the present disclosure, there 1s
provided an information processing method to be executed
by a computer, the mnformation processing method 1nclud-
ing: acquiring sensing data; changing a mode on a basis of
the sensing data; and changing sensing data to be acquired
on a basis of a change of the mode.

In addition, according to the present disclosure, there 1s
provided a program for causing a computer to: acquire
sensing data; change a mode on a basis of the sensing data;
and change sensing data to be acquired on a basis of a
change of the mode.

Advantageous Eflects of Invention

According to the present disclosure as described above, 1t
1s possible to reduce the amount of power consumption of an
information processing device or a sensor more.

Note that the eflects described above are not necessarily
limitative. With or 1n the place of the above eflects, there
may be achieved any one of the eflects described 1n this
specification or other effects that may be grasped from this
specification.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram showing an information processing
device according to one embodiment of the present disclo-
sure.

FIG. 2 1s a diagram showing a mode 1 to a mode 3
according to the present embodiment.

FIG. 3 1s a diagram showing a relationship among modes,
sensors, and processors.

FIG. 4 1s a diagram showing a configuration of the
information processing device according to the present
embodiment.

FIG. 5 1s a diagram showing output contents of a deter-
mination unit 1n each mode.

FIG. 6 1s a flowchart showing operations concerning
mode control, sensor control, and determination performed
by the mnformation processing device according to the pres-
ent embodiment.

FIG. 7 1s a flowchart showing a sensor control operation
in accordance with a result of class determination processing
performed by the determination unit.

FIG. 8 1s a diagram showing an example of hierarchized
class determination processing in a {irst variation.

FIG. 9 1s a flowchart showing an operation for class
determination 1n the first vanation.

FIG. 10 1s a flowchart showing an operation for class
determination 1n the first vanation.

FIG. 11 1s a diagram showing a configuration of an
information processing system according to a second varia-
tion.

FIG. 12 1s a diagram showing a hardware configuration of
the information processing device according to the present
embodiment.

FIG. 13 1s a diagram showing an example of a setting
screen for sensor control based on a result of class deter-

mination processing.

FIG. 14 1s a diagram showing an example of a screen
displayed by a display unit according to the present embodi-
ment.

(Ll

MODE(S) FOR CARRYING OUT TH.
INVENTION

Heremaftter, (a) preferred embodiment(s) of the present
disclosure will be described in detail with reference to the
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appended drawings. Note that, in this specification and the
appended drawings, structural elements that have substan-
tially the same function and structure are denoted with the
same reference numerals, and repeated explanation of these
structural elements 1s omitted.

Note that description will be provided 1n the following
order.

. Background

. Overview of information processing device

. Configuration of information processing device

. Operations of information processing device

. Variations

. Application examples

. Hardware configuration

. Supplemental notes

. Conclusion

DO OO0 ~1 O h B I D

1. BACKGROUND

In recent years, technologies of determining a motion of
a person or an object, or travelling means of a person using
various types of sensing data are being developed. Sensing
data provided from various sensors 1s used for the determi-
nation processing, and these sensors are provided in some
cases for an information processing device that performs
determination processing, and are provided 1n other cases for
an external device other than the information processing
device. Here, for achieving an application of determining a
motion of a person or an object, or travelling means of a
person, 1t 1s required to reduce the amount of power con-
sumption of the information processing device or sensors. In
particular, since the capacity of a battery mounted on the
device inevitably becomes small in a case where the device
1s compact, 1t 1s more important to reduce the amount of
power consumption.

As a method of reducing the amount of power consump-
tion, for example, a method of intermittently performing a
data acquiring operation or determination processing can be
considered. However, in the former method, loss of infor-
mation for determination processing can result 1n mabaility to
perform determination processing, and in the latter method,
it can take long time until a user obtains a determination
result, so that user satisfaction can be reduced.

In addition, Patent Literature 1 discloses a method of
reducing the amount of power consumption by controlling
the number of times of detection of a sensor on the basis of
information concerning detection accuracy of the sensor.
However, 1in the method of Patent Literature 1, it 1s not
possible to sufliciently reduce the amount of power con-
sumption of the mmformation processing device or sensors.
For example, while the number of times of detection of the
sensor 1s controlled on the basis of information concerning
detection accuracy of the sensor, the sensor used itself 1s not
changed. That 1s, even 1n a situation where a sensor may not
be used eflectively, the sensor 1s used continuously, and
power 1s consumed.

Therefore, the discloser of the present case has created the
present disclosure paying attention to the above circum-
stances. According to the present disclosure, it 1s possible to
reduce the amount of power consumption of the information
processing device or sensors more. Hereinafter, an overview,
a configuration, and operations of the information process-
ing device according to one embodiment of the present
disclosure, variations of the present disclosure, and appli-
cation examples of the present disclosure will be described.
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2. OVERVIEW OF INFORMATION
PROCESSING DEVICE

The background of the present disclosure has been
described above. Subsequently, an overview of an informa-
tion processing device 100 according to one embodiment of
the present disclosure will be described.

First, with reference to FIG. 1, an overview of the
information processing device 100 according to the present
embodiment will be described. FIG. 1 1s a diagram showing
the information processing device 100 according to one
embodiment of the present disclosure. As shown 1n FIG. 1,
the information processing device 100 according to the
present embodiment 1s a smartphone carried by a user, and
determines a motion or travelling means of the user on the
basis of sensing data. Here, the information processing
device 100 1s a smartphone as a mere example, and the
information processing device 100 may be a device other
than a smartphone. For example, the information processing
device 100 may be implemented as a mobile terminal such
as a tablet personal computer (PC), a notebook PC, a mobile
game terminal, or a digital camera. In addition, the infor-
mation processing device 100 may be implemented as a
fixed terminal such as a television receiver, a printer, a
digital scanner, or a network storage, or an 1in-vehicle
terminal such as a car navigation device. The information
processing device 100 determines a motion of a user or an
object, or travelling means of the user using sensing data,
while determination of a motion or travelling means of the
user will be mainly described below.

The sensing data used by the information processing
device 100 for determining a motion of the user or the like
may be acquired from sensors included in the iformation
processing device 100, or may be acquired from sensors
included 1n an external device. For example, 1n a case where
the mformation processing device 100 1s a mobile device
such as a smartphone, the information processing device 100
may acquire sensing data from sensors included in the
information processing device 100 and may perform deter-
mination of a motion of the user or the like 1n a situation
where the information processing device 100 1s carried by
the user. In addition, 1n a case where the information
processing device 100 1s an 1nstalled type device such as a
television receiver, the information processing device 100
may acquire sensing data from sensors included 1n another
device carried by the user, and may perform similar deter-
mination.

The sensors used in the present embodiment are not
particularly limited. For example, the sensors used in the
present embodiment may include sensors capable of captur-
ing a physical change, a chemical change, or the like
resulting from a motion of a person, such as an acceleration
SeNsor, a gyro sensor, a geomagnetic sensor, a barometric
sensor, a temperature sensor, a vibration sensor, a sound
sensor, a heart-beat sensor, a pulse-wave sensor, a proximity
sensor, a luminance sensor, a pressure sensor, a position
sensor, a perspiration sensor, a pH sensor, a humidity sensor,
and an infrared sensor.

The mformation processing device 100 according to the
present embodiment changes the mode step by step on the
basis of a determination result of a motion of a person or the
like, and changes sensing data to be acquired on the basis of
the mode. Here, with reference to FIG. 2, modes according
to the present embodiment will be described. FIG. 2 1s a
diagram showing a mode 1 to a mode 3 according to the
present embodiment. As shown in FIG. 2, three types of
modes (the mode 1 to the mode 3) exist in the present
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embodiment. The mode 1 1s a mode corresponding to a state
in which the user 1s hardly moving or travelling, such as a
state 1n which the user 1s sitting on a chair. The mode 2 1s a
mode corresponding to a state 1n which the user has started
travelling, or 1s moving and stopping. The mode 3 1s a mode
corresponding to a state in which the user 1s moving or
travelling continuously, such as a case where the user 1s
travelling riding 1n a car. In addition, a mode applied to the
time when the user 1s close to a state of continuously making,
a stop will be called a first mode as well, and a mode applied
to the time when the user 1s close to a state of continuously
moving will be called a second mode as well.

The discloser of the present case has paid attention to that
the user’s motion states can be classified 1nto a plurality of
modes such as the mode 1 to the mode 3, and the mode
transitions step by step. Describing more specifically, in a
case where the user, 1n a state of not travelling, travels riding
in a car, the mode transitions from the mode 1 to the mode

2, and further transitions from the mode 2 to the mode 3, as
shown 1n FIG. 2. In this case, the mode does not transition
from the mode 1 to the mode 3 without passing through the
mode 2, and as a matter of course, the mode does not
transition from the mode 3 to the mode 1 without passing
through the mode 2.

Then, the information processing device 100 according to
the present embodiment changes a sensor to be used for
determination processing in accordance with the mode.
Here, with reference to FIG. 3, changing a sensor to be used
for determination processing 1n accordance with the mode
will be described more specifically. FIG. 3 1s a diagram
showing a relationship among modes, sensors, and proces-
sors. FIG. 3 1llustrates an example of a sensor used 1n each
mode, a sampling frequency of sensing data to be acquired,
and a processor to be mainly used in a case where the mode
transitions 1n the order of the mode 1, the mode 2, the mode
3, the mode 2, and the mode 1.

As shown 1n FIG. 3, the information processing device
100 uses a larger number of sensors 1 a mode 1 which the
user 1s close to the state of travelling than 1n a mode 1n which
the user 1s close to the state of not travelling. For example,
the information processing device 100 only uses the accel-
eration sensor 1n the mode 1 and the mode 2, and also uses
the barometric sensor, the geomagnetic sensor, and the like
other than the acceleration sensor in the mode 3. Here,
sensors used in each mode are mere examples, and may be
changed according to necessity.

This allows the information processing device 100 to use
sensors suitable for the user’s motion state, and to reduce the
amount ol power consumption. Describing more specifi-
cally, since the user 1s 1n a state of hardly travelling or just
having started travelling in the mode 1 and the mode 2, the
information processing device 100 can sufliciently perform
determination processing only with sensing data from the
acceleration sensor. Therefore, the information processing
device 100 can reduce the amount of power consumption as
compared with a system 1n which sensors used 1n each mode
are not changed. On the other hand, since the motion or
travelling of the user 1s continuous in a case where the mode
becomes the mode 3, the information processing device 100
can determine a motion of the user or the like 1n more detail
by 1ncreasing sensors to be used or using sensors that
consume a larger amount of power. Therefore, the informa-
tion processing device 100 can reduce the amount of power
consumption and can perform more detailed determination
processing, as compared with a system 1n which sensors
used 1n each mode are not changed.
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In addition, the information processing device 100
changes the sampling frequency in accordance with the
mode. Describing more specifically, the mformation pro-
cessing device 100 acquires sensing data at a higher sam-
pling frequency 1n a mode 1 which the user 1s close to the
state of travelling than 1n a mode 1n which the user 1s close
to the state of not travelling. For example, the information
processing device 100 sets the sampling frequency in the
mode 1 at 8 Hz which 1s relatively lower than 1in the mode
2 and the mode 3. Then, as the mode transitions to the mode
2 and the mode 3, the information processing device 100
raises the sampling frequency to 16 Hz (the mode 2) and 64
Hz (the mode 3) step by step. Here, the sampling frequency
in each mode 1s a mere example, may be changed according
to necessity.

This allows the mformation processing device 100 to set
a sampling frequency suitable for the user’s motion state,
and to reduce the amount of power consumption. Describing
more specifically, since the user i1s hardly travelling in the
mode 1, the mformation processing device 100 can sufli-
ciently perform determination processing even with the
sampling frequency set low. Therefore, the information
processing device 100 can reduce the amount of power
consumption as compared with a system in which the
sampling frequency 1s not changed 1n each mode. On the
other hand, since a motion or travelling of the user becomes
continuous as the mode transitions to the mode 2 and the
mode 3, the mformation processing device 100 can deter-
mine a motion of the user or the like in more detail by raising
the sampling frequency step by step. Therefore, the infor-
mation processing device 100 can reduce the amount of
power consumption and can perform more detailed deter-
mination processing as compared with a system in which the
sampling frequency 1s not changed 1n each mode.

In addition, the information processing device 100
changes a processor to be used 1n accordance with the mode.
Describing more specifically, the information processing
device 100 1s provided with a plurality of processors difler-
ent 1n processing capability or the amount of power con-
sumption, and the information processing device 100 uses a
processor having a higher processing capability 1n a mode 1n
which the user 1s close to the state of travelling than 1n a
mode 1n which the user 1s close to the state of not travelling.
For example, the information processing device 100 uses a
processor 1 having a low processing capability and consum-
ing a smaller amount of power in the mode 1, uses a
processor 2 having a processing capability higher than the
processor 1 1n the mode 2, and uses a processor 3 having a
processing capability higher than the processor 2 in the
mode 3.

This allows the information processing device 100 to use
a processor suitable for the user’s motion state, and can
reduce the amount of power consumption. Describing more
specifically, since the sampling frequency of sensing data 1s
low in the mode 1, the information processing device 100
can perform processing suiliciently even using the processor
1 having a low processing capability. On the other hand,
since the sampling frequency of sensing data becomes
higher as the mode transitions to the mode 2 and the mode
3, the information processing device 100 performs process-
ing using the processor 2 or the processor 3 having a high
processing capability. In general, since the amount of power
consumption increases as the processing capability of the
processor becomes higher, the information processing
device 100 can reduce the amount of power consumption as
compared with a system in which the processor 1s not
changed 1n each mode.
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In addition, 1n accordance with the mode, the information
processing device 100 may change the setting of the pro-

cessor or the like rather than changing a processor to be
used. Describing more specifically, the information process-
ing device 100 may change the setting of an applied voltage
to the processor, an operation clock, a filtering coeflicient, a
trigger threshold value, a data length 1n First-In First-Out
(FIFO) processing, or the like in accordance with the mode.
Accordingly, even 1n a case where the information process-
ing device 100 1s provided with a single processor, the
information processing device 100 can reduce the amount of
power consumption by changing the setting of the processor
in accordance with the mode.

In addition, the information processing device 100
changes a sensor to be used in accordance with a determi-
nation result of a motion of the user or the like. Describing,
more specifically, the imformation processing device 100
determines a motion or travelling means of the user to
activate a more eflective sensor and to stop an ineffective
sensor in accordance with the determination result. For
example, 1mn a case where 1t 1s determined that the user 1s
travelling riding 1n an elevator or on an escalator, the user 1s
highly likely to be indoors, and a global positioning system
(GPS) sensor may be unable to receive a signal from a
satellite, so that the information processing device 100 stops
the GPS sensor. In addition, 1n a case where 1t 1s determined
that the user 1s riding on a bicycle, noise caused by wind
noise 1s likely to occur, so that the mformation processing,
device 100 activates a plurality of sound recognition micro-
phones (sound sensors).

In this manner, by using a sensor suitable for a motion or
travelling means of the user, or an environment 1n which the
user 1s located and not using an unsuitable sensor on the
basis of a determination result, the information processing,
device 100 can reduce the amount of power consumption
and can perform more detailed determination processing as
compared with a system 1n which a sensor to be used 1s not
changed in accordance with a determination result.

In addition, 1n accordance with a determination result, the
information processing device 100 may change the sensor
setting or the like rather than changing a sensor to be used.
Describing more specifically, the information processing
device 100 may change the setting of a sensor operation
mode, resolution, sensitivity, range, a low-pass filter, or the
like 1n accordance with a determination result. For example,
in a case where it 1s determined that the accuracy of the
determination result 1s low, the information processing
device 100 may raise the sensor resolution and perform
determination processing again.

2. DEVICE CONFIGURATION

An overview of the information processing device 100
according to one embodiment of the present disclosure has
been described above. Subsequently, with reference to FIG.
4, a configuration of the information processing device 100
according to the present embodiment will be described. FIG.
4 1s a diagram showing a configuration of the imnformation
processing device 100 according to the present embodiment.

As shown in FIG. 4, the information processing device
100 according to the present embodiment includes a wireless
communication unit 110, a control unit 120, a sensor unit
130, a display control unit 140, a display unit 150, an 1nput
unit 160, and a storage unit 170.

(Wireless Communication Unit 110)

The wireless communication unit 110 communicates with

an external device. For example, the wireless communica-
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tion unit 110 receives sensing data from an external device
including sensors. In addition, by transmitting control infor-
mation provided from a sensor control unit 121 to the
external device including sensors, the wireless communica-
tion unit 110 allows the information processing device 100
to control the sensors of the external device.

(Control Unit 120)

The control unit 120 controls overall processing of the
information processing device 100. Describing more spe-
cifically, the control unit 120 controls not only the process-
ing of determining a motion or travelling means of the user,
but also processing concerning a call that a smartphone has,
imaging processing performed by a camera, processing
concerning e-mail, or the like. Heremnafter, controlling of the
processing of determining a motion or travelling means of
the user will be mainly described. The control unit 120
includes the sensor control unit 121, a mode control unit
122, a determination unit 123, and a processor control unit
124. The control unit 120 functions as an acquisition unit
and a mode changing unit.

(Sensor Control Unit 121)

The sensor control unit 121 controls sensors included 1n
the information processing device 100 or sensors included in
an external device. Describing more specifically, the sensor
control umit 121 determines a sensor to be used and the
sampling frequency i1n accordance with the mode, and
controls each sensor. For example, the sensor control unit
121 controls each sensor in line with the sensors and the
sampling frequencies shown in FIG. 3.

In addition, as described above, the sensor control unit
121 determines a sensor to be used in accordance with a
determination result, and controls each sensor. For example,
besides the above example, the sensor control unit 121 may
stop a GPS sensor 1n a case where the state 1n which the user
1s not travelling has continued for a predetermined time or
longer. In addition, a state 1n which the user 1s travelling has
continued for a predetermined time or longer, the sensor
control unit 121 may activate the GPS sensor. In addition, a
state 1n which the user 1s not walking or not running has
continued for a predetermined time or longer, the sensor
control unit 121 may stop a pedometer (or a sensor that
senses an action of walking or an action of running). In
addition, a state 1n which the user 1s travelling riding 1n a
train, a bus, or a car, or not travelling has continued for a
predetermined time or longer, the sensor control unit 121
may stop the heart-beat sensor assuming that the heart rate
1s constant. In addition, the sensor control unit 121 may add
or change a sensor to be used in order to increase the
accuracy ol determination processing. For example, 1mn a
case where the likelihood of a determination result 1s low or
the like, the sensor control unit 121 may increase the
accuracy ol determination processing by activating the gyro
sensor and performing sensing of a user’s attitude or sensing,
of a turn (a direction of rotation) using sensing data from the
sensor. In addition, 1n a case where 1t 1s determined that the
user 1s 1n a state of making a stop (Stay), the sensor control
umt 121 may enable more detailed determination processing
such as causing determination to be made regarding whether
the user 1s making a stop 1n a state of sitting down or making
a stop 1n a state of standing by activating the gyro sensor.
Here, the gyro sensor tends to consume a relatively large
amount of power as compared with other sensors. Therefore,
by activating a sensor that consumes a large amount of
power like the gyro sensor according to necessity as
described above rather than always activating the sensor, the
sensor control unit 121 can reduce the amount of power
consumption by activating the sensor.
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In this manner, by using a sensor suitable for a motion or
travelling means of the user, or an environment 1n which the
user 1s located and not using an unsuitable sensor on the
basis of a determination result, the sensor control unit 121
can reduce the amount of power consumption, and can
perform determination processing with higher accuracy as
compared with a system 1n which a sensor to be used 1s not
changed in accordance with a determination result.

(Mode Control Unit 122)

The mode control unit 122 controls the mode in the
information processing device 100. Describing more spe-
cifically, the mode control unit 122 sets the mode at the
mode 1 1n a case where 1t 1s determined by the determination
unit 123 that the user 1s hardly moving or travelling. In
addition, the mode control unit 122 changes the mode to the
mode 2 1n a case where 1t 1s determined by the determination
unit 123 that the user has started travelling, or 1s moving and
stopping. In addition, the mode control unit 122 changes the
mode to the mode 3 1n a case where 1t 1s determined by the
determination unit 123 that the user 1s moving or travelling
continuously. In addition, as described above, the mode
control unit 122 changes the mode step by step.
(Determination Unit 123)

The determination unit 123 includes the processor 1 to the
processor 3, and determines a motion or travelling means of
the user using sensing data. For example, 1n a case where the
mode 1 has been set, the determination unit 123 senses a
motion of the user on the basis of a result of hardware
processing performed by the processor 1. Describing more
specifically, the processor 1 calculates an acceleration vector
in a three-dimensional space using accelerations 1n direc-
tions of respective axes of the X axis, Y axis, and 7 axis
sensed by the acceleration sensor. Then, the processor 1
calculates a norm of the difference between acceleration
vectors at two diflerent sampled timings. Then, the proces-
sor 1 senses that the user has started moving on the basis of
that the norm exceeds a predetermined threshold value.

Here, the determination unit 123 achieves these types of
processing by hardware, not by software. Describing more
specifically, since the user 1s hardly moving or travelling 1n
the mode 1, the determination unit 123 performs processing
only using hardware rather than performing complicated
processing using software. It 1s thereby possible to reduce
the amount of power consumption that would be used for
control of software. Note that this control 1s a mere example,
and software processing may also be performed 1n the mode

1.

In addition, 1n a case where the mode 2 has been set, the
determination unit 123 determines a “class” equivalent to a
motion or travelling means of the user on the basis of a result
of software processing performed by the processor 2. The
class 1n the mode 2 includes two types of classes of “Stay
(not travelling)/Not Stay (travelling)”, for example (herein-
aiter, processing of determining the two types of classes will
be called “2-class determination processing™).

Describing the class determination processing 1n the mode
2 more specifically, the determination unit 123 acquires
sensing data of four seconds from the acceleration sensor
every two seconds, and extracts a feature amount of sensing
data. Then, the determination unit 123 performs 2-class
determination processing by inputting the feature amount
into a determination model for the 2-class determination
processing generated by machine learning. Here, that the
processing performed 1n the mode 2 1s the 2-class determi-
nation processing 1s a mere example, and may be changed
according to necessity. In addition, the interval at which data
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acquisition 1s performed in the mode 2 and the data amount
to be acquired are mere examples, and may be changed
according to necessity.

In addition, 1n a case where the mode 3 has been set, the
determination unit 123 determines the class on the basis of
a result of software processing performed by the processor
3. The class 1n the mode 3 includes, for example, thirteen
types of classes of “Stay, Walk, Run, Upstairs (going up the
stairs), Downstairs (going down the stairs), EscUP (riding on
the up escalator), EscDown (riding on the down escalator),
ElevUP (riding in the up elevator), ElevDown (riding in the
down elevator), Train, Bus, Car, and Bicycle” (heremafter,
processing of determining the thirteen types of classes will
be called “13-class determination processing’”).

Describing the class determination processing in the mode
3 more specifically, the determination unit 123 acquires
sensing data of five seconds from each sensor every five
seconds, and extracts the feature amount of sensing data.
Then, the determination umt 123 performs the 13-class
determination processing by inputting the feature amount
into a determination model for the 13-class determination
processing generated by machine learning. Here, that the
processing performed in the mode 3 1s the 13-class deter-
mination processing 1s a mere example, and may be changed
according to necessity. In addition, the interval at which data
acquisition 1s performed in the mode 3 and the data amount
to be acquired are mere examples, and may be changed
according to necessity.

Subsequently, with reference to FIG. 5, an output of class
determination processing made by the determination unit
123 will be described. FIG. 5 1s a diagram showing an
example of output contents of the determination unit 123 1n
each mode. As shown 1n FIG. 5, the determination unit 123
may output a result of class determination processing in the
mode 3, and may not output a result of processing in the
mode 1 and the mode 2. However, FIG. 5 1s a mere example,
and the determination unit 123 may output a result of
processing also i the mode 1 and the mode 2. For example,
the determination unit 123 may output a result of 2-class
determination processing in the mode 2.

(Processor Control Unit 124)

The processor control unit 124 controls the processors 1n
the information processing device 100. Describing more
specifically, the processor control umt 124 determines a
processor to be mainly used 1n accordance with the mode.
For example, the processor control unit 124 operates such
that the processor 1 1s mainly used in the mode 1, operates
such that the processor 2 1s mainly used 1n the mode 2, and
operates such that the processor 3 1s mainly used 1n the mode
3, as shown 1n F1G. 3. Here, the processor used in each mode
may not be one. For example, 1n a case where the mode 2 has
been set, not only the processor 2 but also the processor 1
may operate. In addition, 1n a case where the mode 3 has
been set, not only the processor 3 but also the processor 1 or
the processor 2 may operate.

(Sensor Unit 130)

The sensor unit 130 generates sensing data by being
controlled by the sensor control unit 121. Describing more
specifically, the sensor unit 130 senses a physical change, a
chemical change, or the like resulting from a motion of the
user by being controlled by the sensor control unit 121, and
generates sensing data. Then, the sensor unit 130 provides
the generated sensing data for the control unit 120. The
sensor unit 130 may include an acceleration sensor, a gyro
sensor, a geomagnetic sensor, a barometric sensor, a tem-
perature sensor, a vibration sensor, a sound sensor, a heart-
beat sensor, a pulse-wave sensor, a proximity sensor, a
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luminance sensor, a pressure sensor, a position sensor, a
perspiration sensor, a pH sensor, a humidity sensor, an

infrared sensor, and the like, as described above.
(Display Control Unit 140)

The display control unit 140 controls the display unit 150.
Describing more specifically, on the basis of processing
performed by the control unit 120, the display control unit
140 determines the contents of information to be displayed
on the display unit 150, and provides the information for the
display unit 150.

(Display Unit 150)

The display unit 150 displays various types ol informa-
tion. Describing more specifically, the display unit 150
displays various types of information in various formats
such as 1mages, text, and graphs by being controlled by the
display control unit 140, and visually notifies the user of the
information. Various contents may be included 1n the various
types of information.

(Input Unit 160)

The mput unit 160 accepts an input from the user.
Describing more specifically, the mput unit 160 includes a
button or a touch panel, and the like, and accepts an input
manipulation made by the user using them. The input unit
160 provides the information mput by the user for the
control unit 120.

(Storage Unit 170)

The storage unit 170 stores various types of information.
Describing more specifically, the storage unit 170 stores
mode history information, sensor operation history informa-
tion, processor operation history information, sensing data,
or a program for use 1n class determination processing of the
determination unit 123, and the like.

4. OPERATIONS OF INFORMAITION
PROCESSING DEVICE

LL

A configuration of the information processing device 100
according to the present embodiment has been described
above. Subsequently, with reference to FIG. 6 and FIG. 7,
operations of the information processing device 100 will be
described.

(4-1. Operations Concerning Mode Control, Sensor Control,
and Determination)

First, with reference to FIG. 6, operations concerning
mode control, sensor control, and determination performed
by the information processing device 100 will be described.
FIG. 6 1s a flowchart showing operations concerming mode
control, sensor control, and determination performed by the
information processing device 100 according to the present
embodiment.

In step S1000 of FIG. 6, the mode control unit 122 sets the
mode at the mode 1 (the acceleration sensor: 8 Hz). In step
51004, the determination unit 123 acquires sensing data of
one sample from the acceleration sensor. In step S1008, the
processor 1 included in the determination unit 123 calculates
an acceleration vector 1n a three-dimensional space using the
sensing data of the acceleration sensor, and calculates a
norm of the difference between the vector and a vector
obtained by previous sampling. Thereatter, for the calculated
norm, frequencies not included 1n a frequency domain that
may be recognized as a motion of the user are removed by
a band-pass filter (hereinafter called “BPF” for conve-
nience).

Thereafter, 1n a case where the norm has exceeded a
predetermined threshold value (step S1012/Yes), the mode
control umt 122 changes the mode to the mode 2 1n step
51016 (the acceleration sensor: 16 Hz). In step S1012, in a
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case where the norm has not exceeded a predetermined
threshold value (step S1012/No), the process 1s shifted to
step S1004. In step S1020, the determination unit 123
acquires sensing data of four seconds from the acceleration
sensor. In step S1024, the determination unit 123 performs
2-class determination processing using the sensing data.

In a case where the 2-class determination processing has
resulted 1 Stay five times consecutively (step S1028/Yes),
the process 1s shifted to step S1000, and the mode control
unit 122 changes the mode from the mode 2 to the mode 1.
In a case where the 2-class determination processing has not
resulted 1 Stay five times consecutively (step S1028/No),
and has resulted 1n Not Stay twice consecutively (step
S1032/Yes), the mode control unit 122 changes the mode
from the mode 2 to the mode 3 1n step S1036 (the accel-
eration sensor: 64 Hz, the barometric sensor: 8 Hz, the
geomagnetic sensor: 8 Hz). In step S1032, 1n a case where
the 2-class determination processing has not resulted in Not
Stay twice consecutively (step S1032/No), the mode control
unit 122 does not change the mode, and the process 1s shifted
to step 51020.

In step S1040, the determination unit 123 acquires sens-
ing data of five seconds from each sensor. In step S1044, the
determination unmit 123 performs 13-class determination
processing using the sensing data. Unless the 13-class deter-
mination processing results 1 Stay six times consecutively
(step S1048/No), the determination unit 123 continues data
acquisition (step S1040) and the 13-class determination
processing (step S1044) (in FIG. 6, processing correspond-
ing to step S1048/No 1s illustrated as “END” for conve-
nience). In step S1048, 1n a case where the 13-class deter-
mination processing results 1 Stay six times consecutively
(step S1048/Yes), the process 1s shifted to step S1016, and

the mode control unit 122 changes the mode from the mode
3 to the mode 2.

(4-2. Sensor Control Operation 1n Accordance with Result of
Class Determination Processing)

Subsequently, with reference to FIG. 7, a sensor control
operation performed by the determination unit 123 1n accor-
dance with a result of class determination processing will be
described. FIG. 7 1s a flowchart showing a sensor control
operation 1n accordance with a result of class determination
processing performed by the determination unit 123.

In step S1100, the sensor control unit 121 acquires infor-
mation concerning a result of class determination processing,
from the determination unit 123. Then, 1n a case where 1t 1s
determined that the user 1s travelling riding 1n an elevator or
on an escalator (step S1104/Yes), the user 1s highly likely to
be indoors, and the GPS sensor may be unable to receive a
signal from a satellite, so that in step S1108, the sensor
control umt 121 stops the GPS sensor (in a case where the
GPS sensor 1s 1n a stopped state, keeps the GPS sensor 1n the
stopped state). In step S1104, in a case where it 1s deter-
mined that the user 1s not travelling riding 1n an elevator or
on an escalator (step S1104/No), the sensor control unit 121
activates the GPS sensor 1n step S1112 (in a case where the
GPS sensor 1s 1n an activated state, keeps the GPS sensor 1n
the activated state).

In addition, 1n a case where it 1s determined that the user
1s travelling riding on a bicycle (step S1116/Yes), the 1nflu-
ence ol noise caused by wind noise can be significant, so that
the sensor control unit 121 activates a plurality of sound
recognition microphones (sound sensors) in step S1120. In
step S1116, 1n a case where 1t 1s determined that the user 1s
not travelling riding on a bicycle (step S1116/No), the sensor
control unit 121 activates one sound recognition microphone
(sound sensor) 1 step S1124. Here, the sensor control
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operation shown 1n FIG. 7 1s a mere example, and may be
changed according to necessity.

In addition, although not shown, the control unit 120, the
display control unit 140, or the like may control a device or
a Tunction other than sensors in accordance with a determi-
nation result. For example, 1n a case where a state in which
the user 1s travelling riding 1n a train or a car has continued
for a predetermined time or longer, 1t can be diflicult to carry
out Wi-F1 (Registered Trademark) communication, so that
the control unit 120 may change wireless communication to
be performed by the wireless communication unit 110 from
Wi-Fi communication to cellular communication (4G
mobile communication or the like). Accordingly, the control
unit 120 can reduce power that would be consumed for
searching for an access point in Wi-F1 commumnication.

In addition, 1n a case where a state in which the user 1s
running or going up the stairs has continued for a predeter-
mined time or longer, the user may be unaware ol a
notification by sound or vibration, so that the control unit
120 may not perform processing for notification. Accord-
ingly, the control unit 120 can reduce power that would be
consumed for the processing. In addition, in a case where a
state 1n which the user 1s travelling riding on a bicycle has
continued for a predetermined time or longer, 1t 1s dangerous
for the user to check the display (the display unit 150), so
that the display control unit 140 may stop the display (the
display unit 150). Accordingly, the display control unit 140
can reduce power that would be consumed for display
performed by the display unit 150.

J. VARIATIONS

Operations of the mmformation processing device 100
according to the present embodiment have been described
above. Subsequently, variations of the present disclosure
will be described.

(5-1. First Variation)

First, with reference to FIG. 8 to FIG. 10, a first variation
of the present disclosure will be described. The first varia-
tion 1s a case 1n which each mode 1s hierarchized. Describing,
more specifically, each mode according to the first variation
may be divided into a plurality of levels. For example, the
mode 1 may be divided into two levels of a mode 1-1 and
a mode 1-2. As a matter of course, not only the mode 1, but
also the mode 2 and the mode 3 may be divided into a
plurality of levels, and may be divided into three levels or
more, for example, other than two levels. This allows the
information processing device 100 to set a sensor to be used,
sampling frequency of sensing data, processor to be used 1n
more detail. For example, the sampling frequency in the
mode 1 1s 8 Hz 1n the above-described embodiment, whilst
in the first variation, the mode 1 may be divided into two
levels of the mode 1-1 and the mode 1-2, the sampling
frequency 1n the mode 1 may be set at 1 Hz, and the
sampling frequency in the mode 1-2 may be set at 8 Hz.

Then, in the above-described embodiment, the 2-class
determination processing 1s performed 1n the mode 2, and
the 13-class determination processing 1s performed in the
mode 3, whilst class determination processing may also be
hierarchized 1n the first variation. Here, with reference to
FIG. 8, hierarchization of class determination processing
will be described more specifically. FIG. 8 1s a diagram
showing an example of hierarchized class determination
processing 1n the first variation.

As shown i FIG. 8, class determination processing
hierarchized into eighteen types (a group 0 to a group 17)
exists 1n the first vanation. The eighteen types shown in FIG.
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8 are mere examples, and may be changed according to
necessity. The information processing device 100 may apply
any of the groups shown 1n FIG. 8 to a hierarchized mode.
For example, the group 1 may be applied to a mode 3-1, and
the group 0 may be applied to a mode 3-2. That 1s, the
information processing device 100 may perform 3-class
determination processing ol “Stay/On Foot/On Vehicle” 1n
the mode 3-1, and may then perform the 13-class determi-
nation processing in the mode 3-2. Accordingly, the infor-
mation processing device 100 can perform sensor control
and system control based on a determination result 1n more
detail, so that the information processing device 100 1is
capable of selecting a more suitable sensor, sampling fre-
quency, processor, and the like and performing setting 1n
accordance with each mode. Therefore, the amount of power
consumption of the information processing device 100 or
sensors may be reduced more.

Then, with reference to FIG. 9, operations of the infor-
mation processing device 100 according to the first variation
will be described. FIG. 9 1s a flowchart showing operations
of the information processing device 100 1n a case where the

mode 1 1s divided into two levels of the mode 1-1 and the
mode 1-2.

In step S1200 of FIG. 9, the mode control unit 122 sets the
mode at the mode 1-1 (the acceleration sensor: 1 Hz). In step
51204, the determination unit 123 acquires sensing data of
one sample from the acceleration sensor. In step S1208, the
processor 1 included 1n the determination unit 123 calculates
an acceleration vector 1n a three-dimensional space using the
sensing data, and calculates a norm of the difference
between the vector and a vector obtamned by previous
sampling. Here, 1n the mode 1-1, removal of frequencies not
included 1n a frequency domain that may be recognized as
a motion of the user performed by the BPF is not performed
unlike step S1008 of FIG. 6.

Thereafter, 1n a case where the norm has exceeded a
predetermined threshold value (step S1212/Yes), the mode
control umt 122 changes the mode to the mode 1-2 1n step
S1216 (the acceleration sensor: 8 Hz). In step S1212, 1n a
case where the norm has not exceeded a predetermined
threshold value (step S1212/No), the process 1s shifted to
step S1204. In step S1220, the determination unit 123
acquires sensing data of one sample from the acceleration
sensor. In step S1224, the processor 1 included in the
determination unit 123 calculates a norm, and for the norm,
frequencies not included 1n a frequency domain that may be
recognized as a motion of the user are removed by the BPF.

Thereafter, in a case where the norm has exceeded a
predetermined threshold value (step S1228/Yes), the mode
control unit 122 changes the mode to the mode 2 (1n FI1G. 9,
processing corresponding to step S1228/Yes 1s illustrated as
“END” for convenience). In step S1228, 1n a case where the
norm has not exceeded a predetermined threshold value
(step S1228/No) and 1n a case where a predetermined time
has elapsed from the timing when the mode 1s set at 1-2 (step
S1232/Yes), the process 1s shifted to S1200, and the mode
control unit 122 changes the mode from the mode 1-2 to the
mode 1-1. In step S1232, in a case where a predetermined
time has not elapsed from the timing when the mode 1s set
at 1-2 (step S1232/No), the mode control unit 122 does not
change the mode, and the process 1s shifted to step S1220.

Then, with reference to FIG. 10, operations of the infor-
mation processing device 100 1n a case where the mode 3 1s
divided into a plurality of levels will be described. FIG. 10
1s a flowchart showing operations of the information pro-
cessing device 100 1n a case where the mode 3 1s divided into
two levels of the mode 3-1 and the mode 3-2. Here, 1t 1s
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assumed that the group 2 in FIG. 8 1s applied in the mode
3-1, and the group 0 1s applied 1n the mode 3-2.

In step S1300 of FIG. 10, the mode control unit 122 sets
the mode at the mode 3-1 (the acceleration sensor: 16 Hz).
In step S1304, the determination unit 123 acquires sensing
data of five seconds from the acceleration sensor. In step
S1308, the determination unit 123 performs class determi-
nation processing for the group 2. That 1s, the determination
unit 123 performs determination about either “Active/Pas-
sive” using the sensing data.

In a case where 1t 1s determined that the class 1s Active
(step S1312/Yes), the mode control unit 122 changes the
mode to the mode 3-2 1n step S1316 (the acceleration sensor:
16 Hz, the barometric sensor: 4 Hz). Here, that the class 1s
Active refers to that the class 1s any of “Walk/Run/Upstairs/
Downstairs” as shown in FIG. 8. In a case where 1t 1s
determined that the class 1s Active, when sensing data 1s
acquired from the barometric sensor besides the acceleration
sensor, the determination unit 123 can determine upward
and downward travelling directions. That 1s, the determina-
tion unit 123 can make determination about not only Walk
and Run but also Upstairs and Downstairs. As a matter of
course, a sensor other than the barometric sensor may be
added.

In step S1312, 1n a case where 1t 1s determined that the
class 1s not Active, that is, the class 1s Passive (step S1312/
No), the mode control unit 122 changes the mode to the
mode 3-2 (the acceleration sensor: 64 Hz, the barometric
sensor: 8 Hz, the geomagnetic sensor: 8 Hz). Here, that the
class 1s Passive refers to that the class 1s any of “Stay/EscUP/
EscDown/ElevUP/ElevDown/Train/Bus/Car/Bicycle”  as
shown 1n FIG. 8. In a case where 1t 1s determined that the
class 1s Passive, when sensing data i1s acquired from the
barometric sensor and the geomagnetic sensor besides the
acceleration sensor, the determination unit 123 can deter-
mine these motions or travelling means. As a matter of
course, a sensor other than the barometric sensor and the
geomagnetic sensor may be added.

In step S1324, the determination unit 123 acquires sens-
ing data of five seconds from each sensor. In step S1328, the
determination unit 123 performs class determination pro-
cessing for the group 0. That 1s, the determination unit 123
performs the 13-class determination processing using the
sensing data. In a case where the likelithood of any class 1s
high 1n the 13-class determination processing performed by
the determination unit 123 (step S1332/No), a result of the
13-class determination processing 1s output. Thereafter, the
determination unit 123 continues data acquisition (step
S1324) and the 13-class determination processing (step
S1328) (1n FI1G. 10, processing corresponding to step S1332/
No 1s 1llustrated as “END” for convenience). In step S1332,
in a case where the likelihood of any class 1s low (step
S1332/Yes), the process 1s shifted to step S1300, and the
mode control unit 122 changes the mode from the mode 3-2
to the mode 3-1.

(5-2. Second Vanation)

The first vanation of the present disclosure has been
described above. Subsequently, with reference to FIG. 11, a
second variation of the present disclosure will be described.
The second variation 1s a case 1n which a server performs
determination processing instead of the determination unit
123. Here, with reference to FIG. 11, a configuration of the
information processing system in the second variation will
be described.

FIG. 11 1s a diagram showing a configuration of the
information processing system according to the second
variation. As shown in FIG. 11, the information processing,

10

15

20

25

30

35

40

45

50

55

60

65

16

system according to the second vanation includes the infor-
mation processing device 100, a server 200, and a network
300. The server 200 1s connected to one or more information
processing devices 100 via the network 300, and the server
200 can have a function similar to that of the determination
unit 123 of the information processing device 100. That 1s,
the server 200 can perform determination processing for
changing the mode or can perform class determination
processing using sensing data provided from the information
processing device 100.

Describing more specifically, in the second varation, the
information processing device 100 transmits sensing data to
the server 200, and the server 200 performs determination
processing for changing the mode or class determination
processing using the received sensing data, and transmits
information concerning a result of the processing to the
information processing device 100. The information pro-
cessing device 100 having received the information per-
forms changing of the mode, changing of a sensor to be
used, changing of the sampling frequency, sensor control, or
the like. Accordingly, the amount of power consumption of
the information processing device or sensors may be
reduced more.

In addition, the server 200 may perform part of determi-
nation processing instead of the determination unit 123. For
example, 1 the mode 1, the determination unit 123 of the
information processing device 100 may perform processing
of calculating a norm, applying the BPF, and comparing the
norm and a predetermined threshold value, and the server
200 may perform class determination processing in the
mode 2 and the mode 3 instead of the determination umnit
123. In this manner, processing contents of the information
processing device 100 and the server 200 may be changed
according to necessity. Accordingly, for example, 1n a case
where processing performed by the server 200 1s late, 1n a
case where a failure occurs 1n the server 200, or the like, the
information processing device 100 may perform determina-
tion processing.

Here, the server 200 may transmit information concerning,
a result of determination processing to another device other
than the information processing device 100. For example,
the server 200 may transmit the information to an informa-
tion apparatus such as a robot provided at the user’s house,
oflice, or the like. Accordingly, the information apparatus
can perform an operation or processing 1n accordance with
a motion or travelling means of the user. For example, a
robot provided at the user’s house may determine that the
user 1s on the way home by acquiring information that the
user 1s riding 1n a train i a predetermined time slot (for
example, a mghttime period or the like), and may perform
processing of activating an air conditioner or the like. In
addition, the server 200 may link imnformation concerning a
result of processing to a social networking service (SNS).
This allows the user or others to grasp a motion or travelling
means of the user, or the like on the SNS.

In addition, the server 200 may perform improvement of
an algorithm for determination processing. Describing more
specifically, the information processing device 100 provides
the user with a function of making feedback to determina-
tion processing performed by the server 200 or the infor-
mation processing device 100. The user feeds back that the
determination processing 1s 1correct or correct using the
information processing device 100. The information pro-
cessing device 100 transmits mformation concerning the
determination processing and feedback information to the




US 11,029,743 B2

17

server 200, and the server 200 performs improvement of an
algorithm for determination processing using these pieces of

information.

For example, in a case where similar contents have been
ted back from many users, the server 200 may improve an
algorithm for determination processing for all the users. In
addition, 1n a case where similar contents have been fed back
frequently from a certain user, the server 200 may customize
the algorithm for the certain user. In addition, the server 200
may improve the algorithm taking user attributes (age, sex,
height, weight, existence of disability, and the like) into
consideration as well. After improving the algorithm, the
server 200 provides the information processing device 100
with a program for determination processing to which the
algorithm has been applied. Accordingly, a defect of the
algorithm can be resolved, and determination processing
suitable for each user may be performed.

6. APPLICATION EXAMPLES

Variations of the present disclosure have been described
above. Subsequently, application examples of the present
disclosure will be described. The present disclosure may be
applied to products, systems, or services 1n various fields.
Describing more specifically, by classitying a motion of a
user or an object step by step, 1t 1s possible to reduce the
amount of power consumption of an information apparatus.
(6-1. Application to Monitoring System)

First, the present disclosure may be applied to a moni-
toring system. For example, a monitoring server in the
monitoring system assumes a state 1n which a suspicious
person does not exist in a monitoring area as the mode 1, a
state 1n which a suspicious person has intruded into the
monitoring area as the mode 2, and a state n which a
suspicious person 1s continuously performing some activity
as the mode 3. Then, the monitoring server changes a sensor
to be used, sampling frequency, processor to be used, or the
like 1n accordance with the mode similarly to the present
embodiment, and changes a sensor to be used 1n accordance
with a determination result of the motion of the suspicious
person. For example, 1n a case where 1t 1s determined that the
suspicious person has put down a suspicious object and left
when the mode 3 1s set, the monitoring server may grasp
features of the suspicious object by increasing sensors to be
used. When the present disclosure 1s applied to the moni-
toring system, the monitoring server can reduce the amount
of power consumption of the monitoring server or sensors as
compared with a case 1n which a sensor to be used, sampling
frequency, or processor to be used 1s not changed.

(6-2. Application to Vending Machine)

In addition, the present disclosure may be applied to a
vending machine. For example, a vending machine assumes
a state 1 which a user does not exist around the vending
machine as the mode 1, a state 1n which the user exists
around the vending machine as the mode 2, and a state 1n
which the user 1s selecting a product of the vending machine
as the mode 3. Then, the vending machine changes a sensor
to be used, sampling frequency, processor to be used, or the
like 1 accordance with the mode similarly to the foregoing,
and changes a sensor to be used in accordance with a
determination result of a motion of the user. For example, 1n
a case where the mode 3 i1s set, the vending machine may
determine user attributes (sex, age, and the like) by increas-
ing sensors to be used, and may perform recommendation of
a product on the basis of the determination result. When the
present disclosure 1s applied to the vending machine, the
vending machine can reduce the amount of power consump-
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tion of the vending machine or sensors as compared with a
case 1n which a sensor to be used, sampling frequency, or
processor to be used 1s not changed.

7. HARDWARE CONFIGURAITION

An embodiment of the present disclosure has been
described above. Information processing such as the above-
described class determination processing i1s achieved by
cooperation between software and hardware of the informa-
tion processing device 100 which will be described below.

FIG. 12 1s a diagram showing a hardware configuration of
the information processing device 100 according to the
present embodiment. The information processing device 100
includes a central processing unit (CPU) 901, a read only
memory (ROM) 902, a random access memory (RAM) 903,
and a host bus 904. In addition, the information processing
device 100 includes a bridge 905, an external bus 906, an
interface 907, an mput device 908, an output device 909, a
storage device (HDD) 910, a drive 911, and a communica-
tion device 912.

The CPU 901 functions as an arithmetic processing
device and a control device, and controls the overall opera-
tion 1n the mformation processing device 100 1n accordance
with various programs. In addition, the CPU 901 may be a
microprocessor. The ROM 902 stores programs, operation
parameters and the like used by the CPU 901. The RAM 903
temporarily stores programs used 1n execution of the CPU
901, parameters approprately changed 1n the execution, and
the like. These components are interconnected via the host
bus 904 formed by a CPU bus or the like. Each function of
the control unit 120 1s achieved by cooperation of the CPU
901, the ROM 902, and the RAM 903.

The host bus 904 1s connected to the external bus 906 such
as a peripheral component interconnect/interface (PCI) bus
through the bridge 905. Note that the host bus 904, the
bridge 905, and the external bus 906 are not necessarily
configured as separate components, and their functions may
be mcorporated into a single bus.

The input device 908 includes input means for the user to
input information, such as a mouse, a keyboard, a touch
panel, a button, a microphone, a switch, and a lever, an input
control circuit that generates an input signal on the basis of
the imnput by the user and outputs it to the CPU 901, and the
like. The user of the information processing device 100 can
input various types ol data and instruct processing opera-
tions to the information processing device 100 by manipu-
lating the mput device 908.

The output device 909 includes, for example, a display
device such as a cathode ray tube (CRT) display device, a
liquid crystal display (LCD) device, an organic light emat-
ting diode (OLED) device, and a lamp. Further, the output
device 909 includes a sound output device such as a speaker
and a headphone. The output device 909 outputs, for
example, reproduced contents. Specifically, the display
device displays various types of information such as repro-
duced video data by text or images. On the other hand, the
sound output device converts reproduced sound data or the
like 1nto sound and outputs it.

The storage device 910 1s a device for storing data
configured as an example of the storage unit 170 of the
information processing device 100 according to the present
embodiment. The storage device 910 may include a record-
ing medium, a recording device that records data in the
recording medium, a readout device that reads out data from
the recording medium, a deletion device that deletes data
recorded 1n the recording medium, and the like. This storage
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device 910 includes, for example, a hard disk drive (HDD).
This storage device 910 drives a hard disk, and stores a

program executed by the CPU 901 and various types of data.

The drive 911 i1s a reader-writer for a recording medium,
and 1s built 1n or externally attached to the information
processing device 100. The drive 911 reads out information
recorded 1n a removable recording medium 913 such as a
magnetic disk, an optical disk, a magneto-optical disk, or a
semiconductor memory being mounted, and outputs the
information to the RAM 903. In addition, the drive 911 can

also write information into the removable recording medium
913.

The communication device 912 1s, for example, a com-
munication interface including a communication device or
the like for connection to a communication network 914.
The function of the wireless communication unit 110 1is
achieved by the communication device 912.

Note that a hardware configuration of the information
processing device 100 has been described above with ref-
erence to FIG. 12, whilst 1t 1s possible to configure hardware
of the server 200 1n the second varnation 1n a substantially
identical manner to the information processing device 100,
and thus, description of a hardware configuration of the
server 200 1s omitted.

3. SUPPLEMENTAL NOTES

A hardware configuration of the information processing
device 100 according to the present embodiment has been
described above. Subsequently, with reference to FIG. 13
and FIG. 14, supplemental notes will be described.

(8-1. Setting Concerning Sensor Control)

First, with reference to FIG. 13, a setting function con-
cerning sensor control will be described. As described
above, the mformation processing device 100 can control
cach sensor on the basis of a result of class determination
processing. Here, the information processing device 100
may provide the user with a screen for setting concerning the
sensor control.

FIG. 13 1s a diagram showing an example of a setting
screen for sensor control based on a result of class deter-
mination processing. A pull-down 11, a pull-down 12, and a
switch button 13 are displayed on a screen 10 shown in FIG.
13. The pull-down 11 1s information for identifying the
setting of sensor control. For example, the pull-down 11
allows the user to select a presetting A, a presetting B, a
presetting C, or the like, and to utilize the presetting A as the
setting during commutation, the presetting B as the setting
during work, and the presetting C as the setting for week-
ends. That 1s, the user can perform the setting of sensor
control for each use.

In addition, the pull-down 12 1s information for designat-
ing a sensor for which setting 1s to be performed. For
example, the user selects a GPS sensor, a pedometer (or a
sensor that senses an action of walking or an action of
running), a sound recognition microphone (sound sensor), a
heart-beat sensor, or the like with the pull-down 12 to
designate a sensor for which setting 1s to be performed. In
addition, the pull-down 12 may allow the user to designate
something other than a sensor. For example, the pull-down
12 may allow the user to designate display (the display unit
150), notification (such as vibration), or the like.

In addition, the switch button 13 1s a button for switching
between activation and stop of the sensor or the like desig-
nated by the pull-down 12 1n each class. For example, as
shown 1n FIG. 13, in a case where the user has set at
“Stay:OFF”, the GPS sensor 1s stopped when 1t 1s deter-
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mined that the user 1s not travelling (Stay). In addition, 1n a
case where the user has set at “Wail:ON”, the GPS sensor 1s
activated when it 1s determined that the user 1s walking. In
this manner, the user can select a use, sensor, and class using
the screen to perform setting concerning sensor control.
(8-2. Setting Concerning Sensor Control)

Subsequently, with reference to FIG. 14, a screen display
function for a determination result will be described. FIG. 14
1s a diagram showing an example of a screen displayed by
the display unit 150 according to the present embodiment. A
screen 1n a case where a route guidance application has been
activated 1s shown 1n FIG. 14, and information concerning
a determination result 1s shown 1n a region 20 on the screen.

Describing more specifically, the display unmit 150 can
display mode information corresponding to each user. For
example, 1t 1s assumed that the lamp on the left side among
three lamps displayed in the region 20 corresponds to the
mode 1, the middle lamp corresponds to the mode 2, and the
lamp on the right side corresponds to the mode 3. Accord-
ingly, the user can grasp that a friend A in FIG. 14 1s 1n a state
of the mode 1, a friend D 1s 1n a state of the mode 2, and a
friend B, a friend C, and a friend E are 1n a state of the mode
3. The user can estimate an action being performed by each
user, an environment 1in which each user is located, or the
like by grasping mode information corresponding to each
user. For example, 1n a case where a mode corresponding to
a certain user 1s the mode 3, 1t 1s estimated that the user 1s
travelling. In addition, in a case where a mode correspond-
ing to a certain user moves back and forth between the mode
1 and the mode 2, 1t 1s estimated that the user 1s at home,
oflice, or the like.

In addition, although not shown, the display unit 150 may
display mode information corresponding to the user himseli/
herself. Accordingly, 1n a case where the application 1s tied
to mode mformation of the user, for example, the user can
predict an operation of the application, or the like. Describ-
ing more specifically, in a case where an operation of the
application varies from mode to mode, the user can predict
an operation of the application by grasping a mode transition
status, and thus can use the application more smoothly.

In addition, although not shown, the display unit 150 may
display not only mode information, but also class informa-
tion (Walk, Run, Train, or the like). Accordingly, the user

can grasp a motion or travelling means of each user includ-
ing the user himself/herself 1n more detal.

9. CONCLUSION

As described above, the mformation processing device
100 according to one embodiment of the present disclosure
changes the mode step by step on the basis of a determina-
tion result of a motion of a person or the like, and changes
a sensor to be used, sampling frequency, and processor to be
used 1n accordance with the mode. In addition, the infor-
mation processing device 100 changes a sensor to be used in
accordance with a determination result of a motion of the
user or the like. Accordingly, the information processing
device 100 according to the present embodiment can reduce
the amount of power consumption of the information pro-
cessing device 100 or sensors.

The preferred embodiment(s) of the present disclosure
has/have been described above with reference to the accom-
panying drawings, whilst the present disclosure 1s not lim-
ited to the above examples. A person skilled in the art may
find various alterations and modifications within the scope
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of the appended claims, and 1t should be understood that
they will naturally come under the technical scope of the
present disclosure.

For example, 1t 1s not always necessary to process the

respective steps 1n the operation of the information process-
ing device 100 according to the present embodiment 1n time
series 1n the order illustrated as the tlowcharts. For example,
the respective steps illustrated i FIG. 6, FIG. 7, FIG. 9, or
FIG. 10 may be processed in an order different from the
order illustrated 1n the drawing, or may be processed 1n
parallel, according to necessity. For example, step S1104 and
step S1116 1llustrated 1n FIG. 7 may be processed 1n a
different order, or may be processed in parallel.
In addition, part of the configuration of the information
processing device 100 may be provided outside the infor-
mation processing device 100 according to necessity. For
example, the mformation processing device 100 may per-
form various types of processing only using sensors
included 1n an external device, without including the sensor
unit 130.

In addition, some of the functions of the information
processing device 100 may be embodied by the control unit
120. That 1s, the control unit 120 may embody some of the
functions of the wireless communication unit 110, the sensor
unit 130, the display control unit 140, the display unit 150,
or the mput unit 160.

Further, the effects described i this specification are
merely 1llustrative or exemplified eflfects, and are not limi-
tative. That 1s, with or in the place of the above eflects, the
technology according to the present disclosure may achieve
other eflects that are clear to those skilled 1n the art from the
description of this specification.

Additionally, the present technology may also be config-
ured as below.

(1)

An 1nformation processing device including:

an acquisition unit configured to acquire sensing data; and

a mode changing unit configured to change a mode on a
basis of the sensing data, in which

the acquisition unit changes sensing data to be acquired
on a basis of a change of the mode.

(2)

The information processing device according to (1), in
which

the mode changing unit changes the mode step by step on
a basis of the sensing data.

(3)

The information processing device according any one of
(1) or (2), 1n which

the mode changing unit changes the mode on a basis of
sensing data acquired from an acceleration sensor.

(4)

The mformation processing device according to any one
of (1) to (3), in which

the mode 1s a mode concerning a state of a motion of a
user or an object.

(5)

The information processing device according to (4), in
which

the mode 1ncludes a first mode applied to the information
processing device when the user or the object 1s close to a
state ol continuously making a stop and a second mode
applied to the information processing device when the user
or the object 1s close to a state of continuously moving.
(6)

The information processing device according to (5), in
which

10

15

20

25

30

35

40

45

50

55

60

65

22

the acquisition unit acquires a larger number of types of
sensing data 1 a case where the second mode 1s applied as
compared with a case where the first mode 1s applied.

(7)

The information processing device according to (35), 1n
which

the acquisition unit acquires sensing data generated by a
sensor that consumes a larger amount of power in a case
where the second mode 1s applied as compared with a case
where the first mode 1s applied.

(8)

The information processing device according to any one
of (35) to (7), 1n which

the acquisition unit changes a sampling frequency of the
sensing data on a basis of the mode.
©)

The information processing device according to (8), 1n
which

the acquisition unit increases the sampling frequency 1n a
case where the second mode 1s applied as compared with a
case where the first mode 1s applied.

(10)

The information processing device according to any one
of (35) to (9), turther including;

a processor control unit configured to control a processor
to be used in processing of the information processing
device on a basis of the mode.

(11)

The mformation processing device according to (10), 1n
which

the processor control unit determines to use a processor
having a higher processing capability 1n a case of the second
mode as compared with a case of the first mode.

(12)

The information processing device according to any one
of (1) to (11), further including:

a determination unit configured to determine a motion of
a user or an object on a basis of the sensing data.

(13)

The mformation processing device according to (12), 1n
which

the acquisition unit changes the sensing data to be
acquired on a basis of a determination result of the motion.
(14)

An information processing method to be executed by a
computer, the mformation processing method including:

acquiring sensing data;

changing a mode on a basis of the sensing data; and

changing sensing data to be acquired on a basis of a
change of the mode.

(15)

A program for causing a computer to:

acquire sensing data;

change a mode on a basis of the sensing data; and change
sensing data to be acquired on a basis of a change of the
mode.

REFERENCE SIGNS LIST

100 information processing device
110 wireless communication unit
120 control umit

130 sensor unit

140 display control unit

150 display unit

160 1input unit

170 storage unit
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200 server
300 network
The invention claimed 1s:
1. An information processing device, comprising:
a first processor;
a second processor different from the first processor;
a third processor different from the first processor and the
second processor; and
circuitry configured to:
acquire, in a first mode of the information processing
device, first sensing data from a sensor, wherein the
first mode corresponds to a stop state of one of a user
or an object;
process, 1n the first mode, the acquired first sensing data
by the first processor;
change from the first mode to a second mode of the
information processing device based on the pro-
cessed first sensing data, wherein the second mode
corresponds to a moving and stopping state of the
one of the user or the object;
change from the first processor to the second processor
based on the change from the first mode to the
second mode, wherein the first processor corre-
sponds to the first mode and the second processor
corresponds to the second mode;
acquire, 1n the second mode, second sensing data from
the sensor based on the change from the first mode
to the second mode, wherein the second sensing data
1s different from the first sensing data;
determine, by the second processor 1n the second mode,
that the one of the user or the object 1s 1n the stop
state for a first number of times based on the acquired
second sensing data, wherein the first number of
times 1s less than a first threshold number of times:
determine, by the second processor 1n the second mode,
that the one of the user or the object 1s 1n a moving state
for a second number of times based on the acquired
second sensing data, wherein
the second number of times 1s more than a second
threshold number of times, and
the determination that the one of the user or the object 1s
in the moving state for the second number of times 1s
based on the determination that the one of the user or
the object 1s 1n the stop state for the first number of
times which 1s less than the first threshold number of
times:
change from the second mode to a third mode of the
information processing device based on the determina-
tion that the one of the user or the object 1s 1n the
moving state for the second number of times which 1s
more than the second threshold number of times,
wherein the third mode corresponds to a continuously
moving state of the one of the user or the object;
change from the second processor to the third processor
based on the change from the second mode to the
third mode and the change from the first processor to
the second processor, wherein the third processor
corresponds to the third mode;
acquire, 1n the third mode, third sensing data from the
sensor based on the change from the second mode to
the third mode, wherein the third sensing data is
different from the first sensing data and the second
sensing data;
process, 1 the third mode, the acquired third sensing
data by the third processor; and
determine motion of the one of the user or the object
motion based on the processed third sensing data.
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2. The information processing device according to claim
1, wherein the circuitry 1s further configured to

change from the third mode to the second mode based on

the determination of the motion of the one of the user
or the object, and the change from the second mode to
the third mode.

3. The mformation processing device according to claim
1, wherein the sensor corresponds to an acceleration sensor.

4. The mformation processing device according to claim
1, wherein a number of types of the acquired second sensing,
data 1s larger than a number of types of the acquired first
sensing data.

5. The information processing device according to claim
1, wherein the sensor has a larger power consumption in the
second mode than in the first mode.

6. The mnformation processing device according to claim
1, wherein the circuitry 1s further configured to change a
sampling frequency of the acquisition of the second sensing
data based on the change from the first mode to the second
mode.

7. The mformation processing device according to claim
6, wherein the sampling frequency of the acquisition of the
second sensing data, in the second mode, 1s higher than a
sampling frequency of the acquisition of the first sensing
data 1n the first mode.

8. The information processing device according to claim
1, wherein the second processor has a higher power con-
sumption than the first processor, and the third processor has
a higher power consumption than the second processor.

9. The mformation processing device according to claim
1, wherein the circuitry 1s further configured to acquire the
second sensing data, different from the acquired first sensing
data and the acquired third sensing data, based on a deter-
mination result of the determination of the motion of the one
of the user or the object.

10. An mformation processing method, comprising:

in an information processing device including a first

processor, a second processor different from the first

processor, a third processor different from the first

processor and the second processor, and circuitry:

acquiring, by the circuitry, first sensing data from a sensor,

wherein

the first sensing data 1s acquired 1n a first mode of the
information processing device, and

the first mode corresponds to a stop state of one of a
user or an object;

processing, by the first processor, the acquired first sens-

ing data in the first mode;

changing, by the circuitry, from the first mode to a second

mode of the information processing device based on the
processed first sensing data, wherein the second mode
corresponds to a moving and stopping state of the one
of the user or the object;

changing, by the circuitry, from the first processor to the

second processor based on the change from the first
mode to the second mode, wherein the first processor
corresponds to the first mode and the second processor
corresponds to the second mode;

acquiring, by the circuitry, second sensing data from the

sensor based on the change from the first mode to the

second mode, wherein

the second sensing data i1s different from the first

sensing data, and

the second sensing data 1s acquired 1n the second mode;
determining, by the second processor in the second mode,

that the one of the user or the object 1s 1n the stop state

for a first number of times based on the acquired second
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sensing data, wherein the first number of times 1s less
than a first threshold number of times;

determining, by the second processor 1n the second mode,
that the one of the user or the object 1s 1n a moving state
for a second number of times, wherein

the second number of times 1s more than a second
threshold number of times, and

the determination that the one of the user or the object 1s
in the moving state for the second number of times 1s
based on the determination that the one of the user or
the object 1s in the stop state for the first number of
times which 1s less than the first threshold number of
times;

changing, by the circuitry, from the second mode to a third
mode of the information processing device based on the
determination that the one of the user or the object 1s 1n
the moving state for the second number of times which
1s more than the second threshold number of times,

wherein the third mode corresponds to a continuously
moving state of the one of the user or the object;

changing, by the circuitry, from the second processor to
the third processor based on the change from the
second mode to the third mode and the change from the
first processor to the second processor, wherein the
third processor corresponds to the third mode;

acquiring, by the circuitry, third sensing data from the
sensor based on the change from the second mode to
the third mode, wherein the third sensing data 1is
different from the first sensing data and the second
sensing data;

processing, by the third processor, the acquired third
sensing data in the third mode; and

determining, by the circuitry, motion of one of the user or
the object based on the processed third sensing data.

11. A non-transitory computer-readable medium having

stored thereon, computer-executable instructions which

when executed by a computer of an information processing,
device, cause the computer to execute operations, the opera-
tions comprising:

acquiring, in a first mode of the mformation processing
device, first sensing data from a sensor, wherein the
first mode corresponds to a stop state of one of a user
or an object;

processing, i the first mode, the acquired first sensing
data by a first processor of the information processing
device;

changing from the first mode to a second mode of the
information processing device based on the processed
first sensing data, wherein the second mode corre-
sponds to a moving and stopping state of the one of the
user or the object;

changing from the first processor to a second processor, of

the information processing device, based on the change
from the first mode to the second mode, wherein
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the first processor corresponds to the first mode and the
second processor corresponds to the second mode,
and

the second processor 1s different from the first proces-
SOT’;
acquiring, in the second mode, second sensing data from
the sensor based on the change from the first mode to
the second mode, wherein the second sensing data 1s
different from the first sensing data;

determining, by the second processor in the second mode,
that the one of the user or the object 1s 1n the stop state
for a first number of times based on the acquired second
sensing data, wherein the first number of times 1s less
than a first threshold number of times;

determiming, by the second processor in the second mode,
that the one of the user or the object 1s 1n a moving state
for a second number of times based on the acquired
second sensing data, wherein

the second number of times 1s more than a second
threshold number of times, and

the determination that the one of the user or the object 1s
in the moving state for the second number of times 1s
based on the determination that the one of the user or
the object 1s 1n the stop state for the first number of
times which 1s less than the first threshold number of
times;

changing from the second mode to a third mode of the
information processing device based on the determina-
tion that the one of the user or the object 1s in the
moving state for the second number of times which 1s
more than the second threshold number of times,

wherein the third mode corresponds to a continuously
moving state of the one of the user or the object;

changing from the second processor to a third processor,
of the iformation processing device, based on the
change from the second mode to the third mode and the
change from the first processor to the second processor,
wherein

the third processor corresponds to the third mode, and

"y

the third processor 1s different from the first processor
and the second processor;

acquiring, in the third mode, third sensing data from the
sensor based on the change from the second mode to
the third mode, wherein the third sensing data 1is
different from the first sensing data and the second
sensing data;

processing, 1n the third mode, the acquired third sensing
data by the third processor; and

determining motion of the one of the user or the object
based on the processed third sensing data.
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